Introduction
Hepatitis B virus (HBV) is a hepadnavirus responsible for most of the chronic liver diseases worldwide and can cause both acute and chronic disease. The virus is transmitted through either parenteral, sexual or vertical route. 1 It has been estimated that 240 million people worldwide are chronically HBV infected and >686,000 people die every year due to complications of hepatitis B, including cirrhosis and hepatocellular carcinoma. 2 HBV is highly endemic in China, South East Asia, Indonesia and subSaharan Africa; in these regions, >8% of the population is affected by chronic HBV (CHB) infection. South America, South West Asia, Eastern and Southern Europe are identified as intermediate, with a chronic HBV infection rate between 2% and 7% of the population. Developed countries, including North America and Western Europe, are grouped as low-endemic regions and HBV prevalence rates range from 0.5% to 2%. 3 In the last decades, a number of agents specifically targeting and thus inhibiting the biologic activity of tumor necrosis factor-a (TNF-a) have been widely used in clinical practice in the treatment of immune-mediated inflammatory diseases, including rheumatoid arthritis, inflammatory bowel diseases and psoriasis, both plaque-type (Pso) and psoriatic arthritis (PsA). 4 Even though TNF-a is a cytokine playing a pivotal role in the pathogenesis of inflammatory diseases, its role in the immune-mediated submit your manuscript | www.dovepress.com
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Cannizzaro et al response to infections, especially against intracellular pathogens, is central. 5 Indeed, one of the issues that clinicians have to manage in clinical practice is the possibility that the blocking of TNF-a could induce reactivation of chronic or latent infections, particularly HBV hepatitis.
Therefore, it is essential to serologically monitor all psoriatic patients undergoing immunosuppressive or immunomodulant treatments for possible de novo HBV exposition and to strictly follow-up chronic HBV psoriatic patients to reduce HBVr rates and promptly manage possible HBV reactivation (HBVr).
Serologic markers for HBV infection include 1) the surface antigen (HBsAg), which represents the hallmark of HBV infection, 2) the core virus antigen (HBcAg), 3) the envelope antigen (HBeAg) and 4) the antibodies against the virus, namely, anti-HBsAg (anti-HBs), anti-HBeAg (antiHBe), and anti-HBcAg (anti-HBc) both IgM and IgG.
The differences in positivity or negativity for these markers allows to 1) identify patients with HBV infection, 2) elucidate the natural course of CHB, 3) assess the clinical phases of infection and 4) monitor antiviral therapy. 1 HBV infection can be differentiated to acute, chronic, and occult. In particular, presence of HBeAg or anti-HBe in HBsAg-positive patients with viral load (HBV-DNA) >2000 IU/mL identifies an active carrier, a condition frequently associated with a hepatic sufferance. [6] [7] [8] [9] The persistence of detectable HBsAg rates for >6 months defines a CHB infection. Indeed, the positivity for HBsAg, but not HBeAg, in patients with detectable anti-HBe, serum alanine aminotransferase (ALT) levels within normal ranges and HBV-DNA undetectable or <2000 IU/mL, for at least 1 year of follow-up, delineate an inactive carrier, a status generally not associated with a significant liver disease. Subjects expressing anti-HBc and anti-HBs antibodies are defined as potential occult carriers: in these patients, we should take into consideration a possible low viral rate replication in the liver, although HBV-DNA could be undetectable in serum (Table 1) . 6 Covalently closed circular HBV-DNA persists in the nucleus of infected hepatocytes and HBV genome can integrate into host genome. These observations could explain the HBV-related oncogenesis and the odd risk to the development of hepatocellular carcinoma.
7-9
Methods
We searched through PubMed, Google Scholar and Scopus databases and evaluated all published manuscripts concerning HBVr in psoriatic patients, both plaque-type and PsA, in treatment with any indicated anti-TNF-a. In particular, we identified ten reports describing HBVr during adalimumab, etanercept, golimumab or infliximab. We included in the present review nine out of the ten reports, because one of the identified articles did not specify the anti-TNF-a agent determining HBVr. 10 
HBVr definition
HBVr can be described as exacerbation of chronic hepatitis B or reactivation of past hepatitis B infection. Several authors, either in patients affected by CHB or in HBV occult carriers, have used the term reactivation has been used by several authors to refer either to patients affected by CHB, or in HBV occult carriers. In CHB patients undergoing immunosuppressive agent therapy, HBV replication could noticeably increase because of the impaired cellular and humoral immunity: some authors suggested that this event should not be strictly considered HBVr. 11 Indeed, once the immunosuppressant treatment is discontinued, the reconstitution of host immunity could flare up the HBV replication as a result of restoration of the cytotoxic activity of the immune cells. 12 On the other hand, HBVr can occur in occult carriers, either as a reverse HBsAg seroconversion (reappearance of HBsAg) or as the appearance of HBV-DNA without serum HBsAg positivity.
The clinical course of HBVr could be summarized in three main phases. 11, 13 Initially, it is possible to observe 1) an increment in HBV-DNA levels in the serum of an HBsAg-positive person or 2) the reappearance of HBsAg or HBV-DNA in the serum of a person previously HBsAg negative or with undetectable HBV-DNA. These patients are generally asymptomatic, and serum liver enzymes are within normal ranges. Thereafter, both HBV-DNA and liver enzymes increase in patients' serum, demonstrating liver sufferance, even though patients could still be asymptomatic, especially at the beginning. If HBVr is diagnosed and properly managed, hepatic injury could resolve either spontaneously or as a result of withholding immunosuppressive therapy or initiation of antiviral therapy.
11,13-14 
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HBVr in psoriasis treated with anti-TNF agents TNF and HBV Experimental studies both in vitro and in vivo have demonstrated that TNF-a is a pivotal cytokine in the biologic process leading to HBV clearance. 15, 16 TNF-a inhibits HBV replication and stimulates HBV-specific T-cell responses. Consequently, inhibiting TNF-a could enhance HBV replication, allowing the virus to escape the host antiviral defense mechanisms. 17 Recently, Tzeng et al demonstrated, performing in vitro and in vivo experiments, that HBV viral clearance is not changed in interferon-a/b receptor, interleukin-1R knock-out mice, indicating that these innate immunity effectors are not required for HBV clearance. 15 On the contrary, HBV persists in the absence of TNF-a or in mice treated with the soluble TNF-a receptor blocker etanercept. In these mice, there was an increase in PD-1-expressing CD8+ T cells and serum HBV-DNA, HBV core and surface antigen expression, as well as of the viral replication rate within the liver. The induction of TNF-a in clearing HBV has been demonstrated to be dependent on HBV core: TNF-a blockage eliminated HBV core-induced viral clearance effects. Finally, the intrahepatic leukocytes, but not the hepatocytes, are the cell source responsible for TNF-a production induced by HBcAg. These results provide evidence for the TNF-amediated innate immune mechanisms in HBV clearance and explain the mechanism of HBVr in patients undergoing anti-TNF-a agents.
HBVr risk in psoriatic patients treated with anti-TNFs
Despite there being a number of reports focusing on HBVr in gastroenterology and rheumatology patients treated with anti-TNF-a, a few authors have reported on HBVr in psoriatic patients. Indeed, most of the studies regard HBVr in rheumatoid arthritis and anchylosing spondylitis, where PsA is represented with a limited number of patients. In a meta-analysis by Cantini et al, the incidence risk of HBVr in pooled dermatologic and rheumatic patients was low and ranged from 4.2% to 6.8%, with higher HBVr recurrences in CHB carriers than in occult carriers. 18 In clinical practice, antiviral prophylaxis is recommended in CHB (HBsAg+) due to the high risk of HBVr. In contrast, this risk is lower in patients with occult HBV (HBsAg− with anti-HBc+). 19 Three case series describing a total of 79 psoriatic patients previously exposed to HBV and treated with TNF-a inhibitors did not observe any HBVr. [20] [21] [22] In 2012, Cho et al conducted a study on seven CHB carrier patients (HBsAg+, HBeAg−) affected by Pso or PsA and treated using anti-TNF-a. 23 The mean duration of anti-TNF-a treatment was 26.6 months. According to the definitions approved by the American Association for the Study of Liver Diseases, five out of seven patients were HBeAg− CHB carriers, while the remaining were inactive HBV carriers. Only 1/7 patients that was HBeAg+ for 2 years was treated with a prophylaxis before the anti-TNF-a agent, namely, lamivudine, and thereafter with entecavir. In this cohort, HBVr was observed in three patients (42.9%, two CHB and one inactive), even though none had evidence of liver disease. Interestingly, the only patient who received lamivudine prophylaxis was in the HBVr group. 23 Laurenti et al enrolled eight patients affected by PsA and who were eligible for biologic therapy: one was a CHB (HBsAg+) and seven were HBsAg−/anti-HBc+. In this study, HBV screening was performed every 6 months and no HBVr was observed in a follow-period of up to 3 years. 24 In 2014, Navarro et al reported of 13 anti-HBc+ patients treated with anti-TNF-a for psoriasis and confirmed the low risk of reactivation, with no HBVr found in the studied population. 25 Nevertheless, the authors recommended to monitor serum aminotransferase levels, anti-HBs, HBsAg and viral load. In the same year, Morisco et al published a study in which the safety of anti-TNF-a agents was assessed in HBsAg−/antiHBc+ patients. 26 Out of the 220 patients selected for the study, 59 were anti-HBc+, and 40 of them were treated with association of biologics and Disease-modifying antirheumatic drugs (DMARDs). No HBVr was observed and the authors concluded that, in psoriatic patients, immunosuppressive therapy with biologics seems to be safe, regardless of the type of drugs.
In 2015, Sanz-Bueno et al published a retrospective analysis of 20 cases from the Spanish Registry of Adverse Systemic Drug Reactions in Psoriasis (BIOBADADERM). 19 In the study were also included patients treated with ustekinumab. Out of 1,030 patients treated with biologics, the authors identified 20 anti-HBs+ and anti-HBc+ patients treated with anti-TNF-a agents and none of them had HBVr, therefore assessing the HBVr risk to be 0% in their study. All the reported studies are summarized in Table 2 .
HBVr: prevention and management
Considering the risk of HBVr in HBV-affected psoriatic patients treated with anti-TNF-a agents and the inefficacy of antiviral treatments in resolving the infection once HBVr is effective, it is mandatory to consider an HBVr prophylaxis before therapy.
Moreover 
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Cannizzaro et al Study of the Liver recommendations, all patients, candidates to chemotherapy or immunosuppressive therapy, should be screened for HBV; and for all HBV seronegative patients, who have not been in contact with the virus yet, vaccination must be considered prior to initiating the immunosuppressive therapy. [7] [8] [9] The Asian Pacific Association for the Study of the Liver and the American Association for the Study of Liver Diseases guidelines also recommend prophylactic antiviral therapy in HBsAg+ patients receiving immunosuppressive agents, both during therapy (regardless of HBV-DNA levels) and up to 12 months after therapy discontinuation. 7, 8 Otherwise, the European Association for the Study of the Liver recommendations suggest preemptive therapy for all HBsAg+ patients who are candidates to chemotherapy or immunosuppression (regardless of HBV-DNA levels) during and for 12 months after treatment cessation. 9 The majority of the published experience with preemptive treatment reports on lamivudine, which may suffice for patients with low (<2000 IU/mL) HBV-DNA levels when a finite and short duration of immunosuppression is scheduled (recommendations are shown in Figure 1) .
In HBsAg−/anti-HBc+ patients, all authors agree that patients should be treated as HBsAg+ if HBV-DNA is detectable; in case of undetectable HBV-DNA serum, patients should be followed carefully by means of ALT and HBV-DNA testing, regardless of anti-HBs status, and be treated with nucleos(t)ide antagonist therapy upon confirmation of HBVr before ALT elevation. The frequency of monitoring can range from 1 to 3 months, depending on the type of immunosuppressive therapy and comorbidities. [7] [8] [9] The efficacy of antiviral prophylaxis in HBsAg+ patients with hematologic/neoplastic diseases has been established in the literature, since a number of prospective and controlled clinical trials as well as different meta-analyses have clearly shown that preemptive therapy with oral antiviral agents (lamivudine) reduces the risk for HBVr, clinical hepatitis and death. 27 The nucleos(t)ide analog antiviral drugs lamivudine, adefovir, telbivudine, entecavir and tenofovir may all be of potential use in the prevention of HBVr in patients undergoing immunosuppression. The majority of reports concern the use of lamivudine or entecavir for the HBVr prophylaxis. Both drugs appear to reduce the incidence of HBVr in immunosuppressed individuals. 28 All anti-HBc+/anti-HBs+ patients have to be considered as inactive carriers, even without serologic or hepatic evidence of HBV-DNA and, in order to detect possible HBVr, 
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HBVr in psoriasis treated with anti-TNF agents liver enzymes and HBV-DNA should be monitored every 3 months and every 6 months, respectively.
11,29
Hwang and Lok recommend 1) prophylactic antiviral therapy in patients who are deemed to be at high risk of HBVr, 2) prophylactic antiviral therapy or close monitoring and preemptive antiviral therapy in moderate-risk patients if there is evidence of HBVr and 3) usual medical care in low-risk patients in whom preemptive antiviral therapy is indicated if HBVr occurs.
11
Concerning the HBVr prophylactic agents, patients given lamivudine during chemotherapy have an 87% decrease in HBVr as compared to patients with no prophylaxis. In particular, lamivudine is associated with a 92% reduction in treatment delays and premature terminations of chemotherapy due to HBV reactivation. 30 For the treatment of patients with serum HBV-DNA >2000 IU/mL, either tenofovir or entecavir should be chosen and the therapy should be maintained until they reach the therapeutic end point for CHB. Moreover, entecavir or tenofovir should also be preferred for patients undergoing long-term immunosuppressive therapy. 31 Notably, entecavir could be a better option for patients with significant renal impairment, as tenofovir has a small risk of inducing proximal tubular dysfunction and renal insufficiency.
32-34
Conclusion
As compared to DMARDs (low risk of HBVr) and bone marrow transplantation (high risk of HBVr), anti-TNF-a agents are considered immunosuppressive agents with a moderate risk of HBVr. 31 In the last decade, the increasing use of anti-TNF-a therapy for chronic inflammatory diseases has questioned the safety of these agents in patients with serologic signs of HBV infection. More recently, attention has been focused on HBsAg−/anti-HBc+ subjects. 35 Although some authors recommend HBV prophylaxis in all anti-HBs+/anti-HBc+ patients undergoing immunosuppressive therapies, HBV prophylaxis should be considered on the basis of type of immunosuppressive agent. Actually, among patients undergoing anti-TNF-a therapy for rheumatoid arthritis, inflammatory bowel diseases or spondyloarthritis, HBVr has been observed in a small proportion of subjects (6.8%), while in psoriasis, it has been suggested that the overall assessed risk is lower; hence, HBV prophylaxis should be probably reserved to anti-HBs+/anti-HBc+ patients with a viral load <2000 IU/mL and with alterations in serum liver enzymes.
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